This study aims at investigating the absolute counts of T-lymphocyte subsets in the peripheral blood of patients with MSF in order to establish relationships with disease severity. MATERIALS AND METHODS: The absolute counts of T-lymphocyte subsets were tested in the blood of 62 patients in the acute stage of MSF. They were assigned into three age and sex matched groups, based on the severity of disease -with mild, moderate or severe forms. Controls were 32 age and sex matched healthy individuals. The diagnosis was confi rmed by an immunofl uorescence assay. Immunophenotyping was performed using Epics XL-MCL Coulter, USA fl ow-cytometer. RESULTS: The absolute counts of immune competent (CD3 + ) cells, as well as the counts of helper/inducer (CD3 + CD4 + ) and suppressor/ cytotoxic (CD3 + CD8 + ) T-cell subsets decreased in parallel with disease severity. Naïve (CD4 + CD45RA + ) and activated memory (CD4 + CD45RO + ) T-cell subsets were reduced, particularly in severe MSF. Taken as a whole, the counts of activated (CD3 + HLA-DR + ) and that of presenting accessory (CD28 + ) or stimulatory (CD38 + ) molecules Т-cell subsets was increased, but in the fi rst two subsets the trend from mild to severe forms of the disease was descending. CONCLUSION: Reduced T-lymphocyte subset counts are likely related to trans-migration into perivascular infl ammatory foci. The increased number of T-lymphocytes bearing activation molecules refl ects a mobilization of the cell-mediated immune response. An important issue of this study is the possible prognostic value of T-cell subsets counting, predicting the evolution of a clinical condition to clinical forms, according to the disease severity. Т-лимфоцитов (CD4+CD45RA+), как и активированных Т-клеток памяти (CD4+CD45RO+) уменьшается количественно преимущественно при тяжёлых формах СПЛ. В общей сложности абсолютное количество активированных (CD3+HLA-DR+) и экспрессирующих акцессорные (CD28+) или стимуляторные (CD38+) молекулы Т-клеток повышено, но в первых двух субпопуляциях тренд от лёгких к тяжёлым формам заболевания является нисходящим. ЗАКЛЮЧЕНИЕ: Пониженные количества субпопуляций Т-лимфоцитов вероятно связаны с трансмиграцией в очаг воспаления. Повышенное количество Т-лимфоцитов, несущих активационные маркеры отражает мобилизацию клеточно-опосредованного иммунного ответа. Важным выводом исследования является возможное прогнозируемое количество Т-клеточных субпопуляций, предсказывающих трансформацию клинического состояния в клиническую форму в соответствии с тяжестью заболевания. Medica 2015; 57(2): 93-103 
of white blood cells from the blood circulation towards the infection focus leads to formation of perivascular infl ammatory infi ltrates and is related with clearance of the rickettsiae. 5 There is evidence that endothelial activation was more pronounced in severe forms of MSF. 4, 6 In order to maintain homeostasis, the size of T-lymphocyte pool in the peripheral blood remains relatively stable regardless of the constant input of new lymphocytes from the bone marrow and the thymus. It is believed that in cases when specifi c immune cells are generated in response to antigen stimulation, the balance is maintained by regulated apoptosis of other T-lymphocyte subsets. 7 Transmigration of immune cells to the infection focus suggests the possibility of lymphocyte imbalance in the peripheral blood of patients with MSF. The evaluation of the absolute counts of T-lymphocyte subsets in the peripheral blood might serve as an important disease course indicator. 7, 8 In MSF, such investigation could provide indirect assessment of T-lymphocyte distribution in the perivascular space.
AIM
This study aims at investigating the absolute counts of T-lymphocytes in the peripheral blood of patients with MSF, in order to establish relationship with disease severity. To our knowledge, this is the fi rst report on T-cells enumeration in MSF various severity forms.
MATERIALS AND METHODS
STUDY POPULATION T-lymphocyte immunophenotyping was performed on day 1 following the onset of the rash, prior to initiation of antibiotic therapy in the peripheral blood of 62 patients (29 males and 33 females)
INTRODUCTION
Mediterranean spotted fever (MSF) is a vector-borne disease, belonging to the Spotted Fever Group (SFG). The disease is caused by Rickettsia conorii subsp. conorii and is transmitted to humans by the bite of the brown dog tick Rhipicephalus sanguineus. It is one of the most widespread rickettsial diseases in the endemic areas -countries on the Mediterranean Coast, North and Sub-Saharan Africa, as well as in Central and Southern Europe. 1 In Bulgaria, it has been the most prevalent rickettsiosis over the last two decades. Moreover, due to the intense development of tourism and improved communications, imported cases to non-endemic areas and countries are also on the rise. 2 The main signs and symptoms of the disease are development of a painless lesion ('tache noire') at the site of the tick bite, fever, chills, malaise, muscle and joint pains. They precede by 3-4 days the evolvement of typical maculopapular rash on the trunk and extremities, including the palms and soles. Rickettsiae invade the microvascular endothelium of small blood vessels -capillaries, venules and arterioles and then commence multiplication. Intense involvement of vital organ and system microvasculature may result in disseminated vasculitis, severe disease course and lethal outcome. As a result of the invasion, the vascular endothelium acquires activated infl ammatory phenotype. 3 The activated endothelial cells (ECs) initiate secretion of cytokines and expression of adhesion receptors (selectins), endothelial ligands to leukocyte integrins (inter-cellular and vascular cell adhesion molecules), and chemoattractants. 4 These processes result in slowed white blood cells circulation and their adhesion to the ECs, with subsequent leukocyte diapedesis into the perivascular space, close to the pathogen location. 3 with acute MSF (mean age 52.66 ± 2.22 yrs). Subjects were assigned into three strictly age and sex matched groups based on the severity of disease: 20 patients (9 males, 11 females, mean age 49.18 ± 3.05 yrs) presented with mild MSF; 20 patients (10 males, 10 females, mean age 52.77 ± 1.9 yrs) had the disease in its moderate form; 22 patients (10 men, 12 women, mean age 50.98 ± 3.4 yrs) suffered from severe (including 'malignant') form of the disease. Controls were 32 age and sex matched healthy individuals. We analyzed patients and control subjects after having received their written informed consent.
SELECTION CRITERIA Patients were enrolled in the study based on the following criteria: Inclusion criteria -presence of pathognomonic eschar ('tache noire') and febrile illness with fl u-like symptoms for 3-4 days prior to the onset of the typical maculopapular rash; 4-fold rise of R. conorii antibody titer in repeated serum samples; lack of antibiotic treatment prior to hospitalization. Exclusion criteria -patients with coexisting acute or chronic medical conditions. SEVERITY CRITERIA Disease severity was determined according to criteria 
Forms in severity
Clinical and laboratory criteria for determining the severity of the disease **
Mild forms
Fever of 38°С -38.5°С without chills and headache; moderate myalgia and arthralgia; scarce or less abundant macular or maculopapular rash; no signifi cant deviations in the laboratory indicators (may show slight variations in peripheral blood count, platelet count about 120-140×10 9 /l or negligible increase in serum aminotransferase activity), but without clinically expressed and laboratory confi rmed organ damages.
Moderate forms
Well pronounced toxic-infection syndrome: fever of 38.5°С -39°С, chills, no or mild headache; moderate or abundant maculopapular rash most often without haemorrhagic components; X-ray possibly showing bronchitis or peribronchial changes; minor hepatomegaly, but without clinically manifested organ damages. Laboratory fi ndings: moderate leukocytosis/ leukopenia, shift to the left, ALT and AST increased 2-3 fold, platelet count > 100×10 9 /l; Serum sodium around the lower limit (136-135 mmol/l); Serum albumin -around the lower limit -35 g/l; blood urea nitrogen (BUN) and creatinine normal or slightly above normal levels. The combination of at least one clinical syndrome and one laboratory criterion determines the form as moderate.
Severe forms
Severe toxic-infection syndrome. Temperatures above 39°С, chills, severe headache, nausea, vomiting; abundant rash with haemorrhagic component in the legs or on the whole body; Clinically manifested lesions of one organ (lung, liver, kidney, myocardium, etc.). Platelet count > 50, < 120×10 9 /l, but most often ≤100×10 9 /l; Serum sodium <136 mmol/l; Ca < 2.12 mmol/l; ALT/AST increased ≥ 4 times; blood urea nitrogen and creatinine -signifi cantly above normal levels. The presence of at least two of the above laboratory criteria and at least one clinical syndrome defi nes the form as severe.
Forms with multiorgan involvement (malignant)
Extremely severe toxic-infection syndrome. Temperature ≥ 40°С, chills, severe headache, nausea, vomiting, typhoid mental condition, stupor, coma; abundant haemorrhagic rash. Clinically apparent lesion of more than one organ (pneumonitis, jaundice, renal failure, gastrointestinal hemorrhage, myocarditis, CNS damages); platelet count ≤ 50×10 9 /l or <100×10 9 /l); Serum sodium ≤ 130 mmol/l; ALT/AST increased > 5 times, hypocalcemia, hypoalbuminemia, hypoxemia. FLOW CYTOMETRY IMMUNOPHENOTYPING Blood samples for quantitative determination of Tlymphocyte subsets were taken in the acute stage -at the height of the disease, and samples were tested promptly using fl ow cytometric analysis. EDTA-K3 blood collection tubes were applied for whole venous blood collection. Leukocyte counts and white blood cell differentiation were performed on Sysmex SE 9500, Japan hematological analyzer. Ten micro liters (μl) specifi c monoclonal antibodies were added to 100 μl whole blood samples in siliconized test tubes (12×75 mm). Prior to fl ow cytometry, specimens were processed using automated Multi-Q-Prep (Coulter). Immunophenotyping of the lymphocyte subsets was carried out by Epics XL-MCL Coulter fl ow cytometer, USA. An expanded panel was attached, using a two-color analyzer with FITC and RD1 labelled monoclonal antibodies, provided by Beckman-Coulter Company. The counts of the following lymphocyte subsets were determined: CD3-FITC/CD4-RD1 and CD3-FITC/CD8-RD1 (immune competent Т-lymphocytes and their subsets -helper/inducer and suppressor/ cytotoxic); CD3-FITC/HLA-DR-RD1 (activated mature Т-lymphocytes); CD4-FITC/ CD45RA-RD1 (naive CD4 T-lymphocytes); CD4-FITC/CD45RO-RD1 (memory CD4 T-lymphocytes); CD8-FITC/ CD38-RD1 (cell activation marker CD38); and CD8-FITC/CD28-RD1 (CD28 accessory molecules for CD4 + and CD8 + Т-lymphocyte activation).
Results were expressed as absolute cell counts per μl. In the course of fl ow cytometric analysis, CD14-RD1/CD45-FITC was used for control and optimization of light scattering in order to achieve precise phenotyping of leukocytes. The corresponding MsIgG1-FITC/MsIgG1-RD1 and MsIgG1-FITC/ MsIgG2a-RD1 were applied for isotope control. The Control materials, through which the results quality was controlled in the optimal range were: DNAcheck, Standart-Brite and Cyto-Trol Control Cells.
The absolute numbers (and percentages -data not shown) of lymphocyte subsets in the peripheral blood of MSF patients were measured by the most widely used and, according to some researchers, still prevalent dual-platform technologies (DPT). 8 In their study on patients with HIV/AIDS the results of the two methods -DPT and single-platform technology (SPT) showed very good correlation for CD4 and CD8 measurement, though DPT was preferred over SPT for studying of activation markers. 8 STATISTICAL ANALYSIS Statistical analysis was performed using SPSS 15.0.1 software package. Because of an absence of Gaussian distribution of the variables, the differences between two mean values were evaluated for statistical signifi cance using the non-parametric Mann-Whitney U rank-sum test for not normally distributed variables for two groups, and by Kruskal-Wallis nonparametric ANOVA test for three or more groups. All р values were two-tailed and a р < 0.05 was considered to be statistically signifi cant.
RESULTS
In the peripheral blood of patients with MSF at the height of the disease, marked by the appearance of typical maculopapular rash, some changes were observed in the absolute values of T-lymphocyte subpopulations (Table 1) .
IMMUNE COMPETENT T-LYMPHOCYTES AND THEIR SUBSETS
From differentiation cluster (CD) lymphocyte bound molecules, the following cells were objects of investigation in our study: cells expressing the signal component of the T-cell receptor (TCR) complex -CD3, cells expressing the MHC class II co-receptor -CD4, and cells expressing the MHC class I co-receptor -CD8. The absolute count of immune-competent CD3 + total T-lymphocytes was reduced signifi cantly in comparison with controls. Statistically signifi cant decrease was also noted in the absolute count of helper/inducer CD3 + CD4 + and cytotoxic/suppressor CD3 + CD8 + T-cells (Table  1 ). The quantitative decrease of immune competent CD3 + total T-lymphocytes, when compared to controls, was seen predominantly in severe forms of MSF. When comparing T-lymphocyte counts between the three MSF forms in severity, the following relationships have emerged (nonparametric ANOVA test): The differences in the cell counts in mild to severe, as well as in moderate to severe MSF were statistically signifi cant. The same applies to the subset of helper/inducer CD3 + CD4 + and to cytotoxic/suppressor CD3 + CD8 + Т-lymphocytes. In all cases the values of T-lymphocyte subsets were signifi cantly lower in severe forms of the disease compared with the mild and moderate forms. (Fig.  1А ).
MARKERS OF ACTIVATED T-LYMPHOCYTE SUBSETS
CD38 (cyclic ADP ribose hydrolase) is type II glycosylated membrane protein that is expressed on a number of immune cells: CD4 + , CD8 + , B and NK. It plays a role in cellular adhesion, signal transduction and calcium signal regulation. 11 It was established that the absolute counts of all CD38 + expressing cells (CD38 + total), as well as the counts of CD8 + CD38 + and CD8 -CD38 + subsets increased in patients with MSF when compared to controls. The rise was especially pronounced in CD8 + CD38 + T-lymphocyte subset -more than 5 times the count in controls (Тable 1). An increase in the number of CD38 + total and CD8 + CD38 + cell subsets was noted in all three studied clinical forms of MSF. When comparing CD38 + subset counts between the three forms in severity of MSF (nonparametric ANOVA test) we did not detect statistically signifi cant differences (Fig. 1В) .
CD28 cell surface accessory molecules, expressed by T-lymphocytes provide co-stimulatory signals necessary for CD4 and CD8 naïve cells activation. Through the CD28 antigen (CD28Ag) T-lymphocytes receive a potent stimulus to produce interleukins, especially IL-2 and IL-6. 12 In our study CD28 + total and CD8 -CD28 + T lymphocyte subset absolute counts showed a tendency to increase, however, the differences with controls did not reach statistical signifi cance. More pronounced increase was seen in the absolute count of CD8 + CD28 + cell subset compared to controls, the difference being statistically not quite signifi cant (two-tailed p = 0.06) ( Table 1 ). The absolute counts of all three T-cell subsets increased signifi cantly in patients with mild MSF compared to the control group. When comparing CD28 + subset counts between the three forms in severity of MSF we found statistically signifi cant differences showing the following trends (nonparametric ANOVA test): between the MSF forms in severity in each of CD28 + subsets emerged reliable differences and highlighted downward gradation from light to severe forms of the disease. In all cases the values of CD28 + T-lymphocyte subsets were signifi cantly lower in the severe forms of the disease compared with the mild forms. (Fig. 1С) .
CD3 + HLA-DR + activated mature T lymphocytes increased signifi cantly as absolute counts when compared to controls (Table 1 ). This rise was signifi cant in mild and moderate MSF, but did not (Fig. 2) .
(nonparametric ANOVA test) we found that the differences in the absolute counts of CD4 + CD45RО + , as well of CD4 + CD45RА + Т-lymphocytes in mild to severe MSF reached a level of statistical significance. In both T-lymphocyte subsets a downward trend was noted in the cell counts from mild to severe MSF (Figs 3 A, B) .
DISCUSSION
The defense mechanisms against pathogenic rickettsiae in humans are quite complex and not yet well studied. However, there is a common understanding, supported by evidence from animal models 13, 14 , in vitro experiments and natural human infections 15, 16 , that active cellular responses play a crucial role in these processes. 5 Cell-mediated responses are performed by T-lymphocytes, whose main functions in combating intracellular pathogens are reduced to two categories: releasing cytokines, thus inducing an infl ammatory response, and causing lysis of cells that express specifi c antigens (cytotoxicity). 17, 18 Investigations on CD8 + T-cell role in the antirickettsial immunity in animal models and study of the CD8 + T-cells in the perivascular infl ammatory infi ltrates in patients with rickettsial infection 19, 20 have shown that endothelium plays an important role in the antigen presentation. 21 It has also been established that endothelial antigen presentation induced activation and proliferation of memory Т-cells, as well as antigen specifi c transmigration of T-lymphocytes in the perivascular infi ltrates. [22] [23] [24] [25] On the other hand, perivascular CD4 + and CD8 + T-lymphocytes, macrophages and dendritic cells (DC) are cytokine producers, thus activating endothelial antirickettsial potential. 26, 27 However, current investigations on T-lymphocyte subsets in the peripheral blood of patients with rickettsial infection are scarce. In the available literature, there are data only on the percentage of limited number of T-lymphocyte subsets in the peripheral blood of patients with MSF. 15, 16, 28, 29 No data were found on the alterations in the subset absolute counts in rickettsioses in general, and in MSF in particular. In the available literature there are no studies of changes in the absolute number of T-lymphocyte subpopulations in different severity forms of MSF. In our study, the absolute counts of the mature immune-competent CD3 + T cells, the helper/inducer CD3 + CD4 + and suppressor/cytotoxic CD3 + CD8 + Т lymphocytes were reduced in the peripheral blood of patients with MSF compared to healthy controls. All three subsets decreased mostly at the expense of severe MSF. The CD4/CD8 ratio remained normal CD4 + CD45RO + memory and CD4 + CD45RA + naïve Т-lymphocyte subsets. Memory CD4 + CD45 RO + and naïve CD4 + CD 45RA + Т-lymphocyte subset absolute counts were diminished in MSF patients compared to controls; in the memory T-cells this tendency was statistically not quite signifi cant (two-tailed p = 0.06), whereas the naïve T-cell absolute count was signifi cantly decreased (Table 1) . In CD4 + CD45RО + Т-cells a signifi cant reduction compared to controls was documented only in severe MSF (Fig. 3A) ; the same decrease was observed in CD4 + CD45RА + Т-lymphocyte number both in moderate and severe forms (Fig. 3B) . When comparing CD4 + CD45RO + and CD4 + CD45RA + subset counts between the three forms in severity of MSF and could not be used as a clinical predictor in the acute stage of MSF. A probable explanation for the reduced counts of the three basic T-lymphocyte subsets might be the immune cell adherence to the vascular endothelium and the subsequent transmigration to the infl ammatory focus. 27 Investigations on the perivascular infi ltrate cell composition provided evidence to this understanding. 19, 20 Apoptosis could also play a role in the immune cell depression in the circulation. 15, 27 CD38 co-stimulatory proteins are expressed selectively in higher amounts in the process of activation of mature T-cell subsets with increased capacity of IL-2 and IFN-γ cytokine production. This emphasizes the role of these proteins in the activation and differentiation of T-lymphocytes. 30 In this respect, CD8 + CD38 + Т-cells seemed to act as activated lymphocytes with increased effector potential, i.e. cytotoxic T-lymphocytes (CTL). The functional loss of CD38 molecules has been related to metabolic disturbances and damaged immune responses. 31 In our study, the absolute counts of the immune cell subsets, expressing this marker (CD38 + total and CD8 + CD38 + ) in patients with MSF as a whole, and in patients with different severity forms of the disease, increased signifi cantly compared to controls. Our results, revealing an increase in the absolute count of CD38 proteins on the lymphocytes of patients in the acute phase of MSF suggest mobilization and activation of effector CD8 + T-lymphocytes and other cells bearing CD38 molecules (CD38 + total, CD8 -CD38 + ) in the fi ght against the intracellular pathogen R. conorii.
CD28 accessory molecules are expressed on the surface of a large group of T-lymphocytes. Within the CD8 + Т-lymphocyte subset, the expression of CD28Ag was related to cytotoxic T-cells (CD8 + CD28 + ); the lack of CD28Ag was related to T cell-suppressor activity. 32 CD28 acts as a receptor for B7.1 (CD80) and B7.2 (CD86) co-stimulatory molecules, constitutively expressed on the surface of antigen presenting cells (APCs). 33 Studies of FA Harding 34 and of JW Young and KM Steinman 35 thus allowing proliferation of antigen specifi c CTL. 36 Based on this evidence, the authors concluded that two different signals were necessary for CD8 + Т cell activation: one antigen specifi c mediated by TCR, and one accessory, provided through CD28-B7 interactions.
In this research we studied, in the peripheral blood of patients with MSF, the absolute count of lymphocytes with CD28 + protein expression (CD28 + total), the expression of these accessory molecules on the cytotoxic T-lymphocyte subset (CD8 + CD28 + ), as well as on Т-lymphocyte subsets beyond CTL (CD8 -CD28 + ). In all three subsets, the absolute numbers of cells, bearing these markers exceeded the corresponding numbers in controls, however, signifi cant increase in the amount of cells expressing CD28-associated molecules was obtained preferably in mild forms of MSF. Between forms in severity in each of these cell subsets statistically signifi cant differences were noted with a clear downward trend from mild to severe MSF. Based on the features of CD28Ag, we could assume that the total quantitative rise in the studied cell subsets was related to the endothelial presentation of rickettsial antigens to the effectors cells. 37 This process might result in increase in the quantity of accessory molecules providing co-stimulatory signals to the naïve T-lymphocytes, transforming them into either CD8 + CD28 + СТL or activated CD4 + TH1 effectors Т-lymphocytes. It was possible that in severe forms of MSF certain amount of CD8 + CD28 + , and CD8 -CD28 + T-cells transmigrate in the surrounding infl ammatory tissues, forming the compositions of perivascular infi ltrates. Apart from the above mentioned mechanism, apoptosis and destruction of the CD28 antigens as receptors of co-stimulatory signals by the APCs also seem involved. It seems likely that these processes were more pronounced in severe MSF, therefore in mild clinical forms stand the best quantitative increase of these subsets. The regulatory properties of CD28 proteins could explain part of the results as well. 38 Finally, the increase of CD28 molecules in mild forms of MSF might present a predictor of milder course of the disease. In the available literature we were unable to fi nd data on CD8 + CD28 + T-cells subset in rickettsioses. However, there is data about a dramatic surge and markedly increased number and percentage of CD8 + Т-cells with missing CD28 (CD8 + CD28 -) expression in HIV/AIDS patients, associated with the progression of the disease. 39 CD3 + HLA-DR + phenotype identifi es activated immune-competent T-lymphocytes. Both CD4 + helper, and CD8 + suppressor/cytotoxic T-cells express HLA-DR molecules as an important surface activation marker. 18 In our study, an elevated absolute count of activated CD3 + HLA-DR + Т-cells was found in patients compared to the control group. The same was noted in the different severity forms of MSF. A downtrend of the absolute count from mild to severe forms of MSF might indicate perivascular transmigration of activated CD3 + HLA-DR + Т-cells into the tissues with probably the greatest antigen accumulation.
CD45 (protein tyrosine phosphatase receptor type C) is a common leukocyte antigen facilitating cell activation. There are various isoforms of this enzyme. The naïve Т-lymphocytes express the longer CD45 isoform and are usually positive for CD45RA. The deletions of certain exons produce a shorter CD45RO isoform that facilitates T-cell activation and is characteristic for the activated memory T-lymphocytes. In our study signifi cantly lower absolute count of CD4 + CD45RА + and decreased count of CD4 + CD45RО + T-cells were established. Both tested subsets were signifi cantly reduced in severe forms of MSF and a marked down sloping tendency was noted from mild to severe disease. A likely explanation for the reduced T-naïve cell count might be the accelerated activation processes upon antigen presentation, perhaps more manifested in the severe forms of MSF. A probable explanation for the low levels of activated memory T-lymphocytes in severe MSF could be their massive shift in the perivascular tissues. According to TD Manes (2008), ECs exposed co-stimulatory and adhesion molecules that preferentially engaged memory T-lymphocytes by selective activation of their proliferation and cytokine production, but this was not the case with the naive T cells. 21 This is particularly important due to the fact that via this mechanism, the ЕC-TCR activated CD4 + effector memory cells would produce cytokines as IFN-γ and TNF-α, thus inducing infl ammatory activation of ECs, and expression of adhesion molecules and chemokines on their surface. It is worth noting that the early TCR-recruitment of effector memory CD4 + T-cells would contribute to subsequent ECindependent clustering of additional amounts of these cells in the infection foci. the infected ECs and tissue phagocytic cells by enhancing their potential to kill the intracellular pathogens. Our study suggests that the reduced Tlymphocyte absolute counts in the peripheral blood of patients with MSF were related to cell migration into the perivascular infl ammatory infi ltrates. This hypothesis was supported by the fact that the decrease cell numbers were more pronounced in severe MSF, where the rickettsial pathogen was probably present in the largest quantity and the greatest expansion into tissue and organ microvasculature. Increased amount of T-lymphocytes with activation markers might be related to the control of rickettsial infection as well. In both cases, relationships with disease severity were established. In this respect, an important issue of this study is the possible prognostic value of T-cell subsets counting in MSF, predicting an evolution of the clinical condition to a clinical form, according to the severity of disease.
